Mitofusins comprise a family of evolutionarily conserved, nuclear encoded mitochondrial guanosine triphoshatases that control mitochondrial fusion and morphology. The fuzzy onions ( fzo) and Drosophila mitofusin (dmfn) genes, which encode the only Mitofusin homologs in Drosophila are differentially expressed during development. Dmfn-mRNA was widely expressed during embryogenesis accumulating in the mesoderm and endoderm during gut development, during oogenesis with transcripts maternally deposited into the early embryo and in the male germ line, where dmfn-mRNA was expressed in spermatogonia, spermatocytes and early spermatids. In contrast, expression of the fzo was tightly restricted to the male germ line, with mRNA accumulation in spermatocytes and early spermatids. In addition, expression of dmfn and fzo in the same cell type, primary spermatocytes, was under control of different regulatory mechanisms. q
Results and discussion

fzo and dmfn are differentially expressed
The fuzzy onions ( fzo) gene encodes a predicted mitochondrial guanosine triphosphatase (GTPase) required for controlled mitochondrial fusion during Drosophila spermatogenesis and belongs to a novel class of conserved proteins, called Mitofusin (Hales and Fuller, 1997; Hermann et al., 1998; Santel and Fuller, 2001; Yaffe, 1997) . The Fzo protein is required for the formation of the two giant mitochondria that comprise the mitochondrial derivative (Nebenkern) (Tokuyasu, 1975) . The predicted gene CG3869 (chromosome X, 5E6-F1) encodes a homolog of Drosophila fzo and human Mitofusins. Sequence alignments and phylogenetic analysis suggested that CG3869 is more homologous to human Mitofusins (45-46% identity) than Fzo (32-33% identity) (Fig. 1A) . Therefore, we designated CG3869 as Drosophila mitofusin (dmfn).
The dmfn and fzo genes showed dramatic differences in expression pattern in Northern blot experiments. Genespecific probes detected the 4.4 kb dmfn-transcript in both adult males and females (Fig. 1B) . Expressed sequenced tags (ESTs) for dmfn have been reported in cDNA libraries derived from S2 cells, adult males and females, as well as Drosophila testes, ovaries, and embryos, demonstrating a broad expression pattern. In contrast, expression of the fzo gene was specific to the male germ line. The fzo 2.5 kbtranscript was detected exclusively in poly(A) 1 -mRNA from males, but not in mRNA from adult females, embryos or adult males lacking germ line cells (Fig. 1B,C ).
Embryonic expression of dmfn
The dmfn gene was expressed widely during Drosophila embryogenesis. Maternally expressed dmfn-mRNA was detected in pre-blastoderm embryos ( Fig. 2A ), but was absent at the blastoderm stage (Fig. 2B ). Zygotic expression of dmfn-mRNA started after gastrulation, appearing in stage 8 embryos. At stage 11, the mRNA was present in the invaginating anterior and posterior midgut primordia, and mesoderm (Fig. 2C,D) . During germ band retraction expression continued in the developing gut (Fig. 2E) remaining strong in the midgut (Fig. 2F-H) . Weak staining was also observed in the somatic and pharyngeal muscle (Fig. 2G,H) . 
Germ line expression of dmfn and fzo
The dmfn gene was expressed in both the female and male germ lines. In situ hybridization revealed the presence of dmfn-mRNA in developing nurse cells and oocytes but not in follicle cells (Fig. 3A) . In the male germ line, the dmfn and fzo genes showed a partially overlapping expression pattern with some isotype-specific differences. dmfnmRNA was detected in pre-meiotic spermatogonia (Fig.  3B, inset) , primary spermatocytes and early spermatids (Fig. 3B) . In contrast, fzo mRNA expression started in primary spermatocytes and disappeared in early spermatid cells (Fig. 3C) The Fzo protein was only detected at the end of meiosis and in early stage spermatids when mitochondrial fusion occurs (Hales and Fuller, 1997) . Expression of fzo mRNA, like several other spermatid differentiation genes, is dependent on wildtype function of the Drosophila cannonball (can) gene (White-Cooper et al., 1998) . However, analysis of dmfn expression in male sterile can mutants clearly showed robust expression of dmfn-mRNA gene in can-mutant testes (Fig. 3D) . Thus different regulatory mechanisms appear to control expression of the mitofusin genes, dmfn and fzo, in the same cell type in male germ line.
Our data show that the two Drosophila mitofusin genes, fzo and dmfn, are expressed differentially during development. The more general expression of the dmfn gene implies that mitochondrial fusion processes may be more widespread in Drosophila than the dramatic fzo-controlled event of Nebenkern formation in early spermatids.
Material and methods
Identification of dmfn
dmfn/CG3869 was identified in a tBlastp search of the Drosophila genome for sequences homologous to the Fzo primary sequence. Corresponding cDNAs were identified as ESTs in the NCBI database. The EST-clones AT04121.5 and GH06331 were obtained from Research Genetics and the sequence of the corresponding cDNA determined.
In situ hybridization and Northern blot analysis
In situ hybridization to whole adult wildtype Drosophila testes and embryos was carried out using digoxygenin (DIG)-labeled riboprobes (Tautz and Pfeifle, 1989; WhiteCooper et al., 1998) . cannonball-mutant males (transheterozygote for can 2 /can 12 ) were used to study can effect on dmfn expression. Antisense riboprobes were synthesized from pBSfzo1.1 ( fzo-cDNA) and pCRII::MN (dmfncDNA region encoding residues 1-284 amplified by PCR from GH20046). Northern blot analysis was performed as described (Hiller et al., 2001 ) using following probes: 1.4 kb EcoRI fragment of the fzo-cDNA pBSfzo1.1, 0.4 kb PstIfragment of the dmfn-cDNA (derived from EST clone GH06331).
